INTRODUCTION
Neisseria meningitidis is the commonest cause of bacterial meningitis in children in Britain. The disease is severe and has a mortality rate of about 10% [1] . Over the past 10 years there has been an increase in the incidence of meningococcal disease; this has been associated with serogroup B, serotype 15, sub-type 16, sulphonamide-resistant (B15P1.16R) strains which have caused major outbreaks in Gloucestershire [2] .
Strains of Neisseria meningitidis are currently characterized by serogrouping and serotyping/subtyping techniques which examine the immunological specificity of capsular polysaccharides and outer membrane proteins respectively. However, not all isolates are typable and the technique requires absorbed sera or monoclonal reagents which are not generally available. Multi-locus enzyme electrophoresis has been used successfully to study the spread of particular strains [3, 4] but this technique is labour intensive and time consuming and is therefore impractical for the rapid identification of particular strains during an outbreak [5] .
The above methods rely on phenotypic characteristics which are subject to variable expression; for a typing scheme to have a secure genetic basis it is preferable to analyse the bacterial genome itself. Two methods of chromosomal DNA analysis have been applied to the epidemiological study of bacteria [6] : comparison of banding patterns resulting from restriction endonuclease digestion (restriction endonuclease analysis, REA) or comparison of banding patterns after hybridization with a probe for a specific DNA sequence (probe-REA). Ribosomal RXA has been used as such a probe for different species of bacteria, both to distinguish between species [7, 8] and between strains within a species [9] [10] [11] .
Previous studies [12, 13] have applied REA to the epidemiological study of Neisseria meningitidis but the patterns obtained consisted of a large number of fragments making analysis of large numbers of isolates impractical. A reduced number of bands would simplify the interpretation and enable larger numbers of isolates to be analysed. This can be achieved using gene probes such as rRNA. The present study assessed the discriminatory value of rRNA gene restriction patterns and REA for isolates of Neisseria meningitidis with a view to providing a technique applicable to routine epidemiological studies.
MATERIALS AND METHODS
Ninety-four clinical isolates of Neisseria meningitidis were obtained from Aberdeen Royal Infirmary, R. Fallon (Glasgow) and D. Jones (Manchester). All isolates had previously been serogrouped and serotyped; this data is given in Table 1 . Isolates were freeze-dried or stored in beads at -70 °C (Protect vials, Technical Services Consultants, Bury, Lanes, UK). Bacteria were subcultured on chocolate blood agar and incubated for 18 h at 37 °C in the presence of 5% CO O immediately prior to use.
DNA extraction
Bacterial DNA was extracted by a modification of the method of Pitcher and colleagues [14] . Briefly, bacteria from a single chocolate agar plate were harvested into a microfuge tube containing 0-3 ml 10 mM-Tris (pH 8-0), 1 mM-EDTA (TE8) and lysed by the addition of 0-3 ml of GES reagent (containing 5 M guanidium thiocyanate, 01 M -E D T A and 0-5% v/v Sarkosyl) for 10 min at room temperature. After the addition of 0-25 ml 7-5 M cold ammonium acetate the tubes were placed on ice for 10 min, 0-5 ml of chloroform-isoamyl alcohol (24:1) added and the suspensions mixed thoroughly and then centrifuged for 20 min at 12500 g. DNA was recovered from the resulting aqueous phase by precipitation with 0-54 volumes cold isopropanol followed by centrifugation at 6500g for 2-5 min. The pellet was air dried, dissolved in TE8 and DNA re-precipitated with 2-5 volumes of cold absolute ethanol. After brief centrifugation (2-5 min at 12500 £) the DNA was dried and finally dissolved in 350 fi\ TE8. The process could be completed in about 2 h. 
Restriction endonuclease digestion
Five micrograms of DNA was digested with 5-10 units of restriction endonuclease (RE) according to the manufacturers instructions (BoehringerMannheim, Lewes, Sussex). The REs examined included Dra I, Hind III, EcoR I, Sal I, Kpn I and Bgl II. Fragments were separated on 0 -8% horizontal agarose gels in 89 mia-Tris, 89 mM boric acid, 2 mM-EDTA (TBE buffer) and then stained with ethidium bromide. A 1 kb 'ladder' (Gibco-BRL) and Hind III fragments of phage lambda were used as DNA size markers. For Southern blotting and probing with rRNA, Serratia fonticola 3965(7) (kindly supplied by F. Grimont, Institut Pasteur) digested with Hind III was included as a size marker.
Probe labelling
Ribosomal 16 + 23 S rRNA from Escherichia coli (Boehringer-Mannheim) (10 fig) was end-labelled with 50 fid [y-32 P]ATP (Amersham International, Amersham, UK) using 10 units of T4 polynucleotide kinase in 50 mM-Tris-Cl (pH 7-6), 10 mM-MgCl 2 , 5 mM-dithiothreitol, 0-1 HIM spermidine, 0-1 mM-EDTA. After 60 min incubation at 37 °C the reaction was terminated by addition of 10 fil of 0-2% SDS, 20 mia-EDTA, and the probe used without further purification [15] .
Southern blotting and DNA hybridization
Restriction endonuclease digests of chromosomal DNA, separated on agarose gels, were depurinated, denatured and transferred to nylon membranes (Hybond-N, Amersham International) by the method of Southern as described by Maniatis and colleagues [16] . The Southern blots were pre-hybridized for 3 h at 65 °C in 2xSSC (lxSSC is 0-15M-NaCl, 0015 M sodium citrate), 5 x FPG ( l x F P G is 0-02% Ficoll 400, 0-02% polyvinylpyrrolidone 350, 0-02% glycine), 0-5% SDS, 100/tg/ml denatured salmon sperm DNA and 1 fig/ml poly(A). The probe was added to this and the hybridization mix incubated at 65 °C overnight. Hybridized filters were then washed as previously described [7] , dried and then exposed to Xray film with an intensifying screen at -70 °C overnight, or longer if required. 
RESULTS

Ribosomal RNA gene restriction pat ems
The DXA extraction technique yielded 0-3-0-4 mg of high-molecular-weight DXA. from the bacterial growth on a single agar plate.
Of the REs tested, Southern blots of EcoR I digests resulted in the most discriminatory banding patterns of rRXA genes, giving between 5 and 8 bands greater than 1 kb in size. All 94 isolates were characterized by their rRXA gene restriction patterns after digestion with EcoR I. 13 patterns were identified (Fig.  1) . The majority of isolates (57/94) gave patterns 1 (27 isolates) or 2 (30 isolates). Patterns 3-9 contained 10, 7, 6, 5, 1, 2 and 2 isolates respectively and the remaining patterns (10-13) represented single isolates.
The groups of isolates formed on the basis of rRXA gene restriction patterns did not correlate well with serogroup except for serogroup A isolates which all gave patterns 5 or 6 ( Table 2) . Serotype 2a and 2b isolates, irrespective of serogroup, all gave pattern 1 with the exception of one isolate. Xo other correlations between rRXA gene restriction pattern and serotype were detected (Table 3) .
Isolates with the phenotype B15P1.16R, the phenotype associated with prolonged outbreaks of meningitis in Gloucester and other areas [2] , all gave rRXA pattern 2. This pattern also included isolates with other phenotypes (Tables  3 and 4) . A single isolate of B15P1.16 (which was sulphonamide sensitive) gave pattern 4. The geographical source of 13/31 isolates which gave rRXA gene restriction pattern 2 is given in Table 4 .
Restriction endonuclease analysis DXA from Neisseria meningitidis was digested with six different REs. Bgl II gave the simplest banding pattern whilst retaining a high degree of discrimination. This pattern typically consisted of about 10 bands in the 2-20 kb size range. Figure 2 shows an example of the patterns for 3 isolates (indistinguishable by serotyping, all B15P1.16) obtained with 4 different REs.
All 94 isolates were characterized by digestion with Bgl II. An example of the resulting patterns is given in Fig. 3 . On the basis of these patterns the 94 isolates could be classified in 54 patterns with only 1 isolate being non-typable. Fortyeight isolates were represented by 9 patterns containing 2-14 isolates and 45 isolates were represented by unique patterns. All isolates which were distinguishable by rRXA gene restriction patterns were also distinguishable by REA (Table 3 ). Isolates with the phenotype B15P1.16R, including isolates from the outbreak in Gloucestershire, were associated with a single RE A pattern indicating a correlation between REA patterns and epidemiology. In addition, two NG15P1.16R isolates from carriers in the outbreak area (isolates 6 and 7 in Table 4 ) were differentiated by this technique; only one of the isolates had the outbreak-associated pattern. One isolate which was not serotypable (isolate 10) and one BNSP1.15 isolate (isolate 12) also had the same pattern as the outbreak-associated isolates. This pattern was also given by isolates with the phenotype B4P1.15.
DISCUSSION
Outbreaks of meningococcal infection in recent years have highlighted our inability to use current epidemiological markers to predict the behaviour of this organism and to explain the patterns of spread of infection within and between communities [2] . Conventional typing methods for Neisseria meningitidis involve serogrouping and serotyping/subtyping which examine the immunological specificity of capsular polysaccharides and outer membrane proteins respectively. Serogrouping is of limited value in epidemiological studies because one or two groups usually predominate at any one time or place. Serotyping/subtyping is more discriminatory, but suffers from the disadvantage that not all isolates are typable, in particular, isolates from healthy carriers are often not typable, and the techniques require absorbed sera or monoclonal antibodies which are not generally available.
In order to follow the course of an outbreak of infection, and to identify particular strains, more discriminatory methods of isolate characterization are required. Multi-locus enzyme electrophoresis (MLEE) has been used to study the spread of strains of meningococci [3, 4, 17, 18] . Strains are characterized by the relative electrophoretic mobilities of cytoplasmic enzymes. The combination of several different enzymes provides a highly discriminatory method of characterization [19, 20] . In addition, the multi-digit numerical data generated also enables the relationship between isolates to be estimated and hence the evolution of the organism to be followed [20, 21] . Although the enzymes utilized in MLEE reflect the genotype of the bacteria they are at least one step removed from the genetic material. The use of protein-based methods of isolate characterization, such as MLEE and those described above, is being increasingly recognized as unreliable because proteins are susceptible to variable expression. For example, pilin expression in Neisseria meningitidis has been shown to be variable [22] and variable serotyping reactions have been reported for single strains of coagulasenegative staphylococci [23] . It is therefore preferable to analyse the bacterial genome which is not subject to such variation.
The use of restriction endonuclease analysis (REA), or 'DNA fingerprinting', has shown considerable promise as a method of isolate characterization for several bacterial species [6] but the majority of techniques have involved DNA extraction procedures which require large volumes of bacterial culture, and are therefore time-consuming, and use REs which give large numbers of bands. In order to reduce the number of bands, and hence simplify the interpretation and application of the technique, specific gene probes have been used. Probes for exotoxin A genes, for example, enabled isolates of Pseudomonas aeruginosa to be characterized [24] . However, the application of such probes is obviously limited to organisms carrying that particular gene. Ribosomal RXA (rRNA) has been shown to be potentially useful as a ' broad spectrum' probe for taxonomic studies of many bacterial genera as species-specific patterns result [7, 8] . In addition, some bacterial species, for example Haemophilus influenzae, show considerable heterogeneity in their rRNA gene restriction patterns, enabling these patterns to be used as an epidemiological tool [9, 10, 25, 26] .
The present study classified 94 isolates in 13 groups based on rRNA gene restriction patterns suggesting that there may be sufficient heterogeneity of rRNA patterns within Neisseria meningitidis to make them useful epidemiological markers. However, the majority of isolates examined in the present study (61 %) fell into only two groups. No correlation between serogroup and rRNA gene patterns was discerned, except for serogroup A isolates. In contrast, there was good correlation between rRNA pattern and serotypes 2a and 2b, irrespective of serogroup.
Although possibly useful for epidemiological studies, the expense and time involved in probing make the determination of rRNA gene restriction patterns less amenable to the busy laboratory than REA. REA provides a much quicker result, and involves less expense, than techniques involving probing. The present study therefore tried to develop a method of REA which could be applied to large numbers of isolates of Neisseria meningitidis, by choosing an RE which gave a few bands as possible whilst retaining a high degree of discrimination. Previous studies have illustrated the use of REs giving about 20 discernible fragments [27] , which is about the maximum number that can be compared visually across non-adjacent tracks on a gel. The use of Kpn I fulfilled this criteria for Neisseria meningitidis and is useful for comparing small numbers of isolates. The use of Bgl II, as demonstrated in the present study, takes this approach one step further as even fewer bands result, considerably simplifying the interpretation. The patterns obtained with this technique for B15P1.16R isolates from the Gloucestershire outbreak correlated well with epidemiology and enabled characterization of otherwise non-typable isolates from carriers. However, this pattern was also given by isolates with the phenotype B4P1.15; the phenotype associated with an outbreak of infection at a school in Scotland during 1988 [28] . This suggests that there is a relationship between these two outbreak-associated phenotypes which warrants further investigation. The technique could therefore be used in addition to serotyping and subtyping to identify particular strains during outbreaks enabling the spread of the organism to be studied.
The simple, rapid DNA extraction procedure used in the present study, together with the use of horizontal agarose gels, in contrast to polyacrylamide gels, for the separation of DNA fragments, considerably simplifies the technical complexity often associated with DNA fingerprinting techniques. The technique described here could therefore be readily adopted by most routine diagnostic laboratories.
In conclusion, rRNA gene restriction patterns may provide useful information about major groupings of isolates but probably give insufficient data (bands) to enable clonal groupings to be made. The clear discrimination offered by restriction endonuclease analysis, with restriction endonucleases such as Bgl II, should be appropriate for use in routine laboratories.
